SUMMARY Subendocardial blood flow may be estimated from the ratio of flow to the subendocardium to myocardla oxygen consumption. The first may be estimated from the diastolic pressure time index (area between aortic and left ventricular (LV) preure during diastole) and the latter by the tension time index (integral of LV pressure during systolic ejection).
POOR CORRELATION between symptoms and pressure difference across the left ventricular outflow tract obstruction in congenital aortic stenosis has been noted previously. ' -' We had a vivid example of this in a six-year-old boy with congenital aortic stenosis who had episodes of apparent syncopal attacks. At cardiac catheterization, peak systolic pressure difference averaged only 54 mm Hg and the calculated aortic valve area was 0.8 cm2. Both suggested only moderate obstruction in a child of his size. Following another and better documented syncopal episode a few weeks after the catheterization, valvotomy was carried out with subsequent relief of symptoms.
The presence of dizziness, syncope, or congestive heart failure correlates poorly with peak systolic pressure difference.2 In one study of 32 patients with syncope,5 18 had peak systolic pressure differences greater than 100 mm Hg, but five had less than 50 mm Hg across the outflow tract. Little relationship between symptoms and aortic valve area or aortic valve index was noted in another study.' Poor correlation has been noted between presence of symptoms, electrocardiographic and roentgenologic findings and the systolic pressure difference6 or aortic valve index. 1 4 In a study of supravalvar aortic stenosis in adults,7 angina, the most common symptom, was often disproportionately severe to the degree of obstruction as measured by the pressure difference.
Since the subendocardial flow index was shown to have a good correlation with the severity of obstruction, 8 The clinical histories were examined by each author without knowledge of catheterization findings or subsequent clinical course. Patients were considered to be asymptomatic if they had been free of symptoms for at least one year prior to catheterization. Patients were classified as mildly symptomatic if they had a history of exercise intolerance, fatigue, excessive sweating, feeding difficulties, or dizziness without true syncope. Patients who had syncopal attacks, dyspnea at rest, angina or congestive heart failure were considered to be severely symptomatic. No patient in this study had a history of infective endocarditis or one suggesting coronary artery disease.
A total of 45 children (36 male, nine female) with adequate clinical, catheterization and angiographic data were located. The average age at catheterization was 9.5 years, with a range of one month to 16 years. Thirty-three of these children had valvar, seven discrete subvalvar, four supravalvar aortic and one combined valvar and subvalvar stenosis.
Thirty-five patients underwent two or more catheterizations, including 28 who were catheterized before and after open-heart repair of their lesions. The other seven children were recatheterized either because of a change in their clinical status or as part of a study of the natural history of aortic stenosis. Two patients were catheterized three times each, twice prior to and once after successful surgical treatment of subvalvar aortic stenosis. All of the patients with more than one catheterization demonstrated a significant change in at least one of the indicators of severity considered in this investigation; hence, for the purpose of this study, each of the 82 catheterizations was considered as a separate data point.
In addition, data from three patients apparently recovered from endocardial fibroelastosis, one patient with a ligated anomalous left coronary artery, four patients with small ventricular septal defects (pulmonary-to-systemic flow ratio of less than 2:1), one patient with mild aortic insufficiency, and four normal patients were analyzed. These 13 children are referred to as the control group.
Aortic valve area was calculated from a modified Gorlin formula'0 as follows: CO X 1000 For the latter cases, aortic and left ventricular pressure tracings with identical R to R intervals during the same stage of respiration were selected. The tracings were superimposed and DPTI and TTI calculated by planimetry of the areas described above. The values for SEFI were obtained by dividing DPTI by TTI. In addition, a coronary artery oxygen supply/demand ratio was calculated for 94 of the 95 catheterizations by multiplying SEFI by the arterial oxygen content."3 Aortic root angiograms were performed during each catheterization; 70 of these were available for review to assess the presence and severity of aortic insufficiency (Al). Where the cineangiograms were not available, the original observer's description was relied upon to assess the severity of AI. Al was graded as 1 + (trivial) if present on only one cardiac cycle, 2+ (mild) if present on two or more cardiac cycles, 3+ (moderate) with opacification of entire LV cavity, and 4+ (4evere) with opacification of entire LV cavity and elevation of LV end-diastolic pressure. For analyses involving pressure difference, aortic valve area, or aortic valve index, the five patients with 3+ or 4+ AI were eliminated. Subendocardial flow was compared for varying degrees of aortic regurgitation and no significant differences were found by Student's t-tests. Therefore, subendocardial flow index values were included in later analyses without respect to the presence of aortic insufficiency.
No significant difference was found between the mean aortic valve area and mean aortic valve index, probably due to the fact that the mean surface area for this group of patients was close to 1 M2. Correlation coefficients for AP versus valve area and AP versus aortic valve index were -.51 and -.54, respectively. Correlation coefficients for subendocardial flow index versus valve area and versus aortic valve index were 0.70 and 0.65, respectively. Results Subendocardial flow index (SEFI) for the 13 patients in the control group averaged 1.27, with a range of0.96 to 1.78. All of the children with congenital aortic stenosis (AS) having either mild or severe symptoms had SEFI below this range ( fig. 2) . SEFI was reduced even for asymptomatic AS patients, averaging 0.88 with a range of 0.43 to 1.65.
Slightly less significant differences between asymptomatic and symptomatic patient groups were found for aortic valve area ( fig. 3) . Eleven of the 29 asymptomatic patients had valve areas less than 0.75 cm2, a value usually considered to indicate surgically important narrowing ( fig. 3) . A similar lack of differentiation between asymptomatic and symptomatic groups was found for the systolic pressure difference across the aortic valve ( fig. 4) . Six of the 29 symptomatic patients had pressure differences across their valves less than or equal to 50 mm Hg.
CIRCULATION BLOOD FLOW IN AS/Krovetz, Kurlinski
Subendocardial flow index correlated better with aortic valve area (r = 0.70) than did the pressure difference across the left ventricular outflow tract obstruction (r = -0.51).
The values obtained for SEFI were compared to those modified by using the arterial oxygen content. The coefficient correlation was 0.968. In no instance was there a change in the estimation of the degree of severity when arterial oxygen content was taken into account. This would imply that variation of arterial oxygen content was not as important as the ratio of DPTI/TTI in these children even though the oxygen content ranged from 12.2 to 21.1 ml/dl. Table 1 shows that of 24 patients who had either mild or severe symptoms, seven had only an abnormal SEFI. In six other patients, both a low SEFI and a small aortic valve area were found. In 11 symptomatic patients, all the hemodynamic measurements were in agreement in indicating a high degree of stenosis. In no symptomatic patient was the pressure difference across the LV outflow tract the only positive finding. None of the symptomatic patients had SEFI > .90. However, there were nine asymptomatic patients who had a low SEFI and aortic valve area as well as a pressure difference of more than 75 mm Hg, so that the discrimination was not complete.
Subendocardial flow index and aortic valve area increased in all except two of the patients following surgical repair ( fig.  5) . However, over 80% of these children had some degree of aortic regurgitation following valvotomy. Because estimation of aortic valve area depends upon forward flow through the valve, AI may invalidate this measurement. Calculation of SEFI is not affected by aortic regurgitation. Furthermore, because AI decreases DPTI in proportion to the decrease in diastolic pressure, it would appear to be a more useful measure of surgical success than aortic valve area.
Left maximum spatial vector (LMSV) was calculated from the vectorcardiograms in 44 patients. A correlation subject with a LMSV of 4.85 mv; there was no statistically significant difference among these three groups. There was a small but statistically insignificant decrease in LMSV in nine patients following surgery.
Discussion
Despite the simplicity of its calculation, the area beneath the LV pressure curve during systole, termed the tension time index (TTI) by Sarnoff et al.,1 gives a reasonable approximation of myocardial oxygen consumption.
Left ventricular subendocardial muscle (in contrast to subepicardial muscle) must receive most, if not all, of its flow during diastole due to the high intramyocardial compressive forces in the subendocardium that reduce systolic perfusion. Buckberg et al.,8 by constricting the supravalvar aorta in dogs, demonstrated a lowering of the subendocardial flow index. Homogeneous myocardial flow distribution was maintained over a wide range of subendocardial flow index values in the dogs, until values of .7 or below were achieved, and then relative underperfusion of the subendocardium was seen. During control periods, 80% of left coronary artery flow in dogs occurred in diastole and though the total flow rose as the supravalvar aorta was constricted, the increase in flow occurred predominantly during systole. The proportion of flow during diastole fell progressively with increasing aortic constriction and averaged 34% of total flow with severe constriction and the proportion of total flow perfusing the subendocardial muscle fell significantly.
In Poorer correlation of systolic pressure across the obstruction and symptoms was found in our study (fig. 4) . The presence of severe symptoms showed a statistically significant difference (P < 0.05) while the mildly symptomatic patients did not differ from the asymptomatic group. Furthermore, six of the asymptomatic patients had pressure differences of over 100 mm Hg while six of the symptomatic patients had pressure differences of less than 50 mm Hg.
In spite of a number of theoretical objections about the use of aortic valve area, statistically significant differences were seen between the asymptomatic and both the mildly and severely symptomatic groups ( fig. 3) . However, the presence of aortic regurgitation invalidates this measurement since the forward aortic valve flow is required for its estimation while the usual dye dilution or Fick method measures net flow. Subendocardial blood flow can be estimated easily from cardiac catheterization data and appears to be a sensitive index of ischemia that should be considered when surgical intervention is being entertained. It should be noted, however, that we are not certain of the exact numerical value below which surgical intervention is desirable. Further, DPTI tends to be decreased with increasing heart rates in the presence of severe stenosis'7 so that exact numerical values may be exceedingly hard to evaluate. As patients with AS age and begin to have associated coronary artery obstruction disease, attempts to estimate the supply/demand ratio of the LV myocardium may seriously overestimate potential supply. DPTI is a useful indicator of subendocardial blood flow only in the presence of maximally dilated and unobstructed coronary arteries.
